A liquid chromatographic (LC) method was developed for the determination of allantoin, uric acid, and indoxyl sulfate in mammalian urine contaminated packaging material including paper bagging, corrugated cardboard, grayboard, and burlap bagging. The procedure involves solvent extraction and isolation of the 3 analytes by reversed-phase LC with ultraviolet detection at 225 nm for allantoin and 286 nm for uric acid and indoxyl sulfate. The composition of authentic mammalian urine such as mouse, rat, cat, dog, and human were also determined with regard to the 3 compounds of interest. A linear concentration range of 0.11-20.4, 0.02-10.0, and 0.04-30.0 mg/mL was obtained for allantoin, uric acid, and indoxyl sulfate, respectively. Limits of detection (LOD) and quantitation (LOQ) were 0.0104 and 0.0345 mg/mL for allantoin; 0.0018 and 0.0060 mg/mL for uric acid; and 0.0049 and 0.0165 mg/mL for indoxyl sulfate, respectively. Interday relative standard deviation values for a mixture of standard allantoin, uric acid, and indoxyl sulfate (n = 5) were 0.97, 0.80, and 0.94%, respectively. Analyte composition for 5 types of authentic mammalian urine varied from 0.19-6.88 mg/mL allantoin; 0.08-0.57 mg/mL uric acid; and 0.03-0.78 mg/mL indoxyl sulfate. Analyte content for 8 samples including 2 samples each for paper, cardboard, grayboard, and burlap bagging each contaminated with mouse or rat urine ranged from <LOD to 4598 mg/gm allantoin; <LOD to 202 mg/gm uric acid; and 17.5 to 616 mg/gm indoxyl sulfate. Recoveries of allantoin, uric acid, and indoxyl sulfate from 11 fortified samples (4 types) for both mouse and rat urine ranged from 28.2 to 114.1% for allantoin; 32.6 to 123.4% for uric acid; and 52.6 to 118.2% for indoxyl sulfate.
T he contamination of bulk food of both domestic and foreign origin by industrial chemicals and filth elements continues to be a problem of food storage. Adequate means of determining the presence of such contaminations are necessary to prevent distribution of tainted food materials. Analytical procedures required for this purpose should involve the use of modern instrumental techniques to provide specificity, accuracy, and speed.
Current methods for the identification of urine stains on foods and food containers use preliminary UV examination followed by various chemical tests (i.e., xanthydrol test for urea) and chromatographic isolation of metabolic products using thin-layer chromatography (TLC; 1). These procedures have been developed and refined over the past 30-40 years. The metabolic indicators of urine contamination in these procedures are urea, uric acid, indoxyl sulfate (indican), and allantoin, which represent by-products of purine and tryptophan metabolism in most mammalian species (2) .
Preliminary studies performed in our laboratory during the past several years have demonstrated the feasibility of using liquid chromatography (LC) with UV detection for the quantitation of uric acid in whole grains including wheat, corn, rye, and oats (3) . Similar methodology has been used to detect the presence of mammalian urine in a contaminated cola beverage based on the identification of uric acid (4) . In addition to uric acid, chromatography of other compounds in this study included allantoin, indoxyl sulfate, hypoxanthine, and xanthine. All these compounds exhibited chromatographic retention under 10 min with the exception of indoxyl sulfate (about 45 min). The estimated lower limit of detection (LOD) of uric acid was 10-20 ppm.
A survey of the analytical literature over the past 2 decades revealed several approaches for assessing food adulteration due to insect infestation based on the presence of uric acid. The use of colorimetry (tungsten blue) with automation has been adapted for this purpose (5, 6) . A glucose analyzer with UV detection has been used to monitor allantoin derived from an enzymatic conversion of uric acid (7) . Several reported methods have used LC with UV detection for determining uric acid in stored wheat (8, 9) . The most sensitive procedure has been the combination of LC with electrochemical (amperometric) detection that was adapted to uric acid present in flour (10) and later to clinical samples (11) .
The proposed analytical procedure for allantoin, uric acid, and indoxyl sulfate (Figure1) involves scanning stained packaging material including paper bagging, cardboard, grayboard, and burlap bagging under UV light, extracting with methanol on a steam bath, evaporating the solvent just to dryness in a current of air, dissolution of the residue in aqueous mobile phase, followed by direct injection into a liquid chromatograph through a membrane filter. The analytes were separated with a C-2 reversed-phase column and monitored with UV detection. -Accurately weighed portions of allantoin, 3-indoxyl sulfate potassium salt, and uric acid (ca 1 mg, 0.5 mg, and 0.1 mg, respectively) were dissolved in 60 mL deionized water with a mechanical shaker for 30 min, diluted to 100.0 mL, and mixed well. The standard solutions were stored in a refrigerator when not in use. Further dilutions, when necessary, were prepared using the appropriate micropipet.
Experimental

Apparatus
(b) Fortification solutions.-Solutions containing analytes in the following concentration ranges were prepared in diluent: allantoin (2.46-6.88 mg/mL); 3-indoxyl sulfate potassium salt (0.47-2.34 mg/mL); and uric acid (0.09-0.24 mg/mL). 
Preparation of Packaging Containing Laboratory Incurred Authentic Mouse and Rat Urine
Cardboard carton and paper bagging materials were placed on the floor of laboratory mouse-or rat-occupied animal cages for 24 h each to obtain laboratory incurred urine-stained packaging material. The stained packaging material was removed and thoroughly dried in a current of air for several days. The dried material was cut into ca 1 sq. in. pieces and stored in 1 qt capacity glass jars. Blank paper and cardboard material used as controls were also prepared and stored in similar containers.
Procedure
Packaging material (paper bagging, cardboard, grayboard, and burlap bagging) was examined under long-wave UV light (366 nm) and ca 1 sq. in. portions of product containing the stained area were isolated, placed in a 50 mL beaker, and extracted with 20 mL methanol for 15 min on a steam bath. The packaging material was removed, rinsed with 3-5 mL methanol, and the combined extracts evaporated just to dryness in a current of air. An accurately measured 10.0 mL portion of diluent (mobile phase) was added by pipet, the mixture sonicated for 3-4 min, then well mixed.
Determination
Approximately 1 mL of the extract was passed through a 13 mm, 0.45 µm nylon membrane, discarded, and 50.0 µL of the remaining filtrate injected into the liquid chromatograph. Quantitation was accomplished by direct comparison of the sample peak height with that of a working standard solution for the corresponding analyte in the same concentration range (typically ca 0.01-0.001 mg/mL allantoin; 0.005-0.0005 mg/mL 3-indoxyl sulfate; and 0.001-0.0001 mg/mL uric acid). The analyte content was calculated with the following equation:
where Rµ and R s = peak height responses (mm) of product and standard solutions, respectively; C = concentration of stan- a -= Blank material was not exposed to laboratory mice or rats. b Packaging material exposed to laboratory mice and rats. c Packaging material fortified with authentic mouse or rat urine (B1 = 25 µL, B2 = 30 µL, B3 = 60 µL, B4 = 50 µL, and B5 = 75 µL). d ND = not detected. e NV = not visible.
dard solutions, (mg/mL); 1000 µg/mg = conversion from mg/mL to µg/mL; and V = final extract volume in mL.
Recovery Study
Approximately 1 sq. in. portions of packaging material including paper bagging, cardboard, grayboard, and burlap bagging were fortified with allantion, 3-indoxyl sulfate potassium salt, and uric acid, respectively, from authentic mouse and rat urine of known composition (Table 1) . Added allantoin quantities ranged from 172.1 to 344.2 µg for mouse urine and 61.6 to 184.9 µg for rat urine. Added 3-indoxyl sulfate potassium salt ranged from 11.7 to 23.4 µg for mouse urine and 19.6 to 58.8 µg for rat urine. Added uric acid covered a range of 6.0 to 12.0 µg for mouse urine and 2.2 to 6.6 µg for rat urine.
Results and Discussion
Four varieties of packaging material were investigated in this study which included triple-layer brown paper bagging, corrugated cardboard, grayboard, and burlap bagging. Vari- ous authentic urine samples were purchased from several sources and analyzed for allantoin, 3-indoxyl sulfate, and uric acid content (Table 1) . Mouse, rat, cat, and dog urine were significantly higher in allantoin content (2.46-7.54 mg/mL) than human urine (0.19-0.67 mg/mL). Uric acid content for urine from the animal species ranged from 0.08-0.34 mg/mL, while human urine varied from 0.20-0.57 mg/mL. 3-Indoxyl sulfate levels were generally greater in the 4 animal species (0.06-0.78 mg/mL) in contrast to human urine content of 0.03-0.06 mg/mL. Table 2 displays data involving analysis of various packaging materials exposed to laboratory mice and rats (A) or addition of known amounts authentic mouse and rat urine by micropipet (B). Included are 2 samples for each type of packaging material. Results for the analytes allantoin, uric acid, and indoxyl sulfate found vary depending on type of urine contamination, variety of packaging material, and authentic urine analyte composition. Overall, allantoin was found to be in greatest abundance (to 4598 µg/gm), uric acid the least (to 202 µg/gm), and indoxyl sulfate at intermediate levels (to 648 µg/gm), which would be indicative of rodent urine. These values are in contrast to human urine which display low levels of allantoin and indoxyl sulfate (Table 1) . Table 3 contains recovery data for allantoin, indoxyl sulfate, and uric acid from added authentic mouse or rat urine of known composition on paper bagging, cardboard, grayboard, and burlap bagging material. Recovery results include 11 samples analyzed in duplicate, each for added authentic mouse and rat urine, respectively. The 4 types of packaging material were fortified as described in the Experimental (Recovery Study) section. One sample each of paper and cardboard are reported while 5 samples of grayboard and 4 samples of burlap bagging are included in the study. Recoveries for both mouse and rat urine varied from 28.2 to 114.1% for allantoin; 32.6 to 123.4% for uric acid; and 52.6 to 118.2% for indoxyl sulfate. Some results were reported as "ND-I" or not detected due to interference peak responses obtained from the packaging matrixes via the methanol extraction medium. Corrugated cardboard yielded the most interference peaks due in part to the presence of adhesives used in the manufacturing process. Consequently, only the exposed outer layer was taken for the extraction step.
The use of authentic rat urine was more troublesome because its allantoin and uric acid content was considerably less than that found in the authentic mouse urine (Table 1 ). In addition, allantoin is an early eluter where more interference peaks are present having similar retention times of approximately 3-3.5 min.
A precision study was conducted for the 3 analytes using a working level standard mixture dissolved in deionized water (1.119 mg/100 mL allantoin, 0.142 mg/100 mL uric acid, and 0.523 mg/100 mL indoxyl sulfate.). Repeatability data was generated over a 2-day injection period (n = 5). Relative standard deviation values of 0.97, 0.80, and 0.94% were obtained for allantoin, uric acid, and indoxyl sulfate, respectively. Table 4 presents comparative retention data for 3 LC columns, each from a different manufacturer, and involving the 3 analytes of interest. The Polygosil column was chosen for routine use due to its availability and superior efficiency. One characteristic encountered by all 3 column brands was the tendency for allantoin, uric acid, and indoxyl sulfate to exhibit gradually decreasing retention times with routine use. This retention time change can be significant (indoxyl sulfate can exhibit an elution time change from approximately 8 min to about 5 min over a period of about 1-2 months of column use). This problem results from the use of aqueous mobile phase, which causes collapse of the C-2 alkyl chains attached to the substrate. This matting phenomenon reduces interaction with the solutes, resulting in earlier elution patterns. This problem can be temporarily reversed by washing the columns with organic modifiers (12). Eventually, the column should be replaced in order to restore the analytes to a later eluting configuration.
An ion-pairing agent (1-pentanesulfonic aid, sodium salt) that allows indoxyl sulfate to elute earlier was included in the mobile phase. Also, the allantoin peak and a number of matrix peaks are more discrete and symmetrical, resulting in improved selectivity.
A stability study was conducted to obtain data for allantoin, uric acid, and indoxyl sulfate in solution (deionized water and mobile phase). Comparison data was also obtained with sol- vents stored at room temperature versus refrigeration at 3°C. It was determined that the 3 compounds were stable (no peak response change) for at least 96 h when in deionized water and stored in the refrigerator when not in use. When mobile phase was used as the solvent, the stable period was 96 h for allantoin and indoxyl sulfate, but only 24 h for uric acid. As a result, sample and standard solutions prepared in mobile phase were analyzed the same day. When water was used, the solutions could be stored for several days in the refrigerator before replacement was necessary. The least stable combination was room temperature storage in mobile phase, which was avoided. Sample extracts were stored dry in the refrigerator prior to the detection step. Under the described conditions, the chromatographic responses for allantoin, uric acid, and indoxyl sulfate were linear over a 185-, 500-, and 750-fold concentration range (0.11-20.4, 0.02-10.0, and 0.04-30.0 µg/mL), with correlation coefficient (r) values of 1.0000, 0.9993, and 0.9999, respectively. Limit of detection (LOD) at a signal-to-noise (S/N) ratio of 3:1 and limit of quantitation (LOQ) at a S/N ratio of 10:1 ranged from 0.09-0.52 µg injected for LOD and 0.30-1.72 µg injected for LOQ for allantoin, uric acid, and indoxyl sulfate, inclusively (Table 5 ). Figure 2 consists of a typical set of chromatograms for uric acid and indoxyl sulfate as reference standard mixture (A), a burlap bagging control (B), burlap bagging contaminated with authentic mouse urine (C), and authentic rat urine (D). Retention times were 4.2 min for uric acid and 6.6 min for indoxyl sulfate. The detection wavelength for these 2 analytes was 286 nm. Figure 3 exhibits representative chromatograms for allantoin, including reference standard mixture (A), a paper bagging control (B), paper bagging contaminated with authentic mouse urine (C), and authentic rat urine (D). The retention time for allantoin is about 3.4 min and the detection wavelength is 225 nm because the response for this compound is minimal at 286 nm. The standard mixture also displays a uric acid peak at 4.1 min and an indoxyl sulfate peak at 6.2 min retention time. The latter 2 peaks are quantitated at 286 nm where uric acid and indoxyl sulfate are near peak maxima.
The method is applicable to a variety of packaging materials. It is rapid, sensitive, and specific. The analytes are extracted in a single step and diluted prior to LC. The method is less manipulative and cumbersome than the current compendial procedures. The proposed procedure is also quantitative in contrast to the compendial methods, which are basically qualitative or semi-quantitative. The sample extract obtained by the proposed method can also be used with the TLC (thin layer chromatographic) procedures for urine stains or the xanthydrol test for urea (1) .
